ABSTRACT: Sensory rhodopsin II (SRII) is a seven-helix
. We choose to picture the SRII photo cycle in these 3 PH ranges because of the following reasoning. The bibliography 5 indicates that the M intermediate below PH ~6.5 shows an one-phase decay, while above PH ~6.5 it shows a two-phase decay and that the pKa value of the Schiff base counter-ion is 3.0. Therefore the photo cycle is described with three different representations ( Figure 1 ). 
Methodology

2.A) Laser illumination
In-situ laser illumination and time-resolved NMR experiments will be applied to determine experimental conditions to reveal all the metastable states. In situ laser illumination and subsequent NMR detection will be utilized to trigger the photo cycle of SRII.
A B In order to deliver light uniformly into the tube from above with no modifications of the NMR probe, various techniques have been tested (Figure 3 ). We used the one shown in Figure 3 We can discriminate three different metastable states for the three mixing times without being able to define which state each of them represents without the use of further experiments and additional spectroscopic techniques. Further laser NMR experiments that will span the whole timeframe of the photocycle (0 to 3 seconds) will correlate the mixing times with the identities of the metastable states of the photocycle. IR and RAMAN experiments will also have to be implemented in order to achieve that. Also patterns of parallel amino acids in the parallel helices seemed to have the same behavior when the intensity ratio was considered ( Figure 7 ). We suggest varying the delay time in steps of 100ms from the value 0ms till the value 3s, so that we can capture the whole range of the photo cycle and ensure that we obtain all the metastable states. The above data show intensity differences in specific amino acids upon laser illumination that vary with the delay after the laser pulse. The chemical shifts were insignificant and the above data suggest possible relaxation and cross correlation effects taking place. Those effects are possibly dependent on the orientation of the side chains of the amino acids and the backbone of the amino acids comprising the 7 helices of the transmembrane protein.
2.B) Suggested experiments in order to better understand the mechanism of the photocycle.
In order to validate the fact that the protein indeed has returned to the dark state after 10 seconds we need to allow 10 seconds as delay time after the laser pulse and expect to get the dark state.
In addition in order to determine the time that the photocycle lasts which is ambiguous in bibliography we need to vary the delay time after the laser pulse in steps of 100ms until the system returns to the dark state. When the system returns back to the ground state we can calculate the delay plus the readout TROSY time and determine the time that the photocycle lasts.
Mutations
Taking into consideration the experimental results ( Figure 5 , 6 and 8) we were able to suggest some mutations that will enable us to study further the mechanisms of SRII. These mutations can be found in Table 2 . These mutations have the potential to interfere with the mechanism and function of SRII, considering the fact that they represent the amino acids that are affected upon transition of the system from the state represented with mixing time 150ms to the state represented with mixing time 300ms. Some mutations might be more potent than others. A recent paper 33 describes how favorable the amino acid interactions in helical membrane proteins are, considering how often various amino acid interactions are found in helical membrane proteins. We wish to note here that the favorability of amino acid interactions in membrane proteins and proteins in solution differ significantly. The amino acid favorability is described by a scoring matrix that contains values with positive and negative signs. This matrix has been obtained from 33 and can be seen in Table 3 . The scoring matrix values were obtained with the use of the information theory.
According to that a training set of 84 helical membrane proteins with known native state structures was taken. The different types of pair-wise contacts were counted. These numbers were compared to a random reference set. If the number of contacts exceeded that in the reference set, the interaction was defined as attractive and the strength of the interaction is related to the degree of excess. In analogy a repulsive interaction was defined.
When the interaction is favorable the value is low e.g. a Lys-Lys interaction has a value of -1.015
and represents a very favorable interaction in α-helical membrane proteins. In analogy when the matrix value is high the interaction is unfavorable. These values for the amino acid interactions of interest are given in parenthesis in Table 2 . It is noteworthy to mention that the Lys205 is close to Thr167 (scoring value: 0.5), Ile83 (scoring value: 0.41) and Ile43 (scoring value 0.41).
These interactions are highly unfavorable but the functional importance of Lys205 is unquestionable since it is protonated by the retinal and triggers the cycle 34 . Also note that Thr167and Ile83, change their intensities significantly upon transition from the 150ms to the 300ms state (Figure 8 and 9 ). So our difference in intensity analysis is further confirmed.
Considering the fact that with the use of scoring matrices and residues that show significant intensity changes upon transition from the 150ms to the 300ms state we could identify the Lys205 which is the amino acid that gets protonated by the retinal chromophore, we could use the same approach to identify and other residues that affect significantly the cycle.
In Table 2 the underlined amino acid interactions are unfavorable according to the matrix theory and are all very good targets for mutations. The ones that stand out though are Glu115 of helix D that seems to stabilize the interaction with helix E. If we check the value for the Ala125/Gly115 interaction, which is favorable with a value of -0.322 and transform it to unfavorable by mutating Gly115 to Ala (0.578), then we will have 3 Alanines in a row: Ala114, Ala115(mutation from Gly115), Ala116 interacting with Ala 125. That will inhibit the interactions of Helices D. A neighboring mutation that could take place is that of Arg123 with Ala116 (0.578), Gly115(0.496) and Ala114 (0.578). All these interactions are strongly unfavorable indicating the significance of residue Arg123. We suggest the mutation of Arg123 to a Glycine in order to make the interactions of Ala/Gly -0.322 and Gly/Gly -0.653 favorable. That will diminish the function of Arg123 and we will be able to understand the significance of that amino acid in the cycle. Also the neighboring interaction of Glu122 with Ala114 (0.239) is unfavorable and a potential target for mutational studies. We could make that interaction more unfavorable by substituting Glu122
with Leu (Leu/Ala 0. -0.222). All these interactions can be seen in Figure 9 as magenta spheres.
Leu56/Trp9 Ala125/Gly115andAla114
Glu147/Leu93 Arg123/Ala114,Gly115,Ala116
Leu93/Tyr160
Gly122/Ala114
Leu200/Tyr174 Glu14/Leu202 We can also target the Leu200/Tyr174 (0.214) unfavorable interaction and either make it more unfavorable by substituting Tyr 174 with Lys (Leu/Lys 0.454) or make it more favorable by substituting Leu200 with Tyr (Tyr/Tyr -0.222). In addition we could target the Glu14/Leu202 unfavorable interaction by either making it more unfavorable or more favorable. In order to make it more unfavorable we would need to substitute Leu202 with His (Glu/His 0.498), Glu (Glu/Glu 0.322) or Lys (Glu/Lys 0.597) or to substitute Glu14 with Lys (Lys/Leu 0.454). In order to make the interaction more favorable we would need to mutate Leu202 to Cys (Glu/Cys -0.456), Arg (Glu/Arg -0.522), Gln (Glu/Gln -0.517), Asn (Glu/Asn -0.573).
The result of these mutations (Table 4) will be the identification of key amino acids in the cycle for the transition of the system from the state with mixing time 150ms to the state with mixing time 300ms. Once more states have been identified we could follow the same procedure and determine more key amino acids for the specific transition of the photocycle that we encounter each time. 
PH impact
We would like to investigate the effect of PH on the SRII protein photo cycle. As indicated in 5 the protein behaves differently in the three PH ranges ( Figure 1 ) and thus we need to investigate the effect of PH in the PH ranges lower than 3, between 3 and 6.5 and greater than 6.5. That will indicate at which PH range this protein functions best and how many metastable states are present in each PH range. As seen in Figure 1 the M state for a PH range greater than 6.5 is represented by two states M1 and M2 and the literature 35 implies that it is possible that the M1 and M2 states are also present in the 3 to 6.5 PH range. That is a question that needs to be answered.
